Pedagogical content knowledge (PCK) is generally accepted as positively impacting teaching quality and student learning. Therefore, research on PCK development in (prospective) teachers is highly relevant. Based on a search in three databases (ERIC, PsycInfo, and Web of Science), a systematic review is conducted on intervention studies aiming at PCK development. The research questions are threefold: (1) How are the studies designed? (2) How are the interventions designed? and (3) What elements of interventions contribute to PCK development? The results show that most intervention studies are conducted in math and science education and use a qualitative methodology. Reflection, PCK courses, contact with other teachers, and experiences in educational practice are typically part of effective interventions. The review enables the identification of clear guidelines that may strengthen future research on stimulating PCK.
Introduction
Shulman [1] introduced the concept "pedagogical content knowledge" (PCK) as a possible answer to the so-called "missing paradigm" in research and practice on teaching. Teaching was either approached by only focusing on content or by exclusively focusing on pedagogy. Shulman believed that neither approach grasped every aspect of teachers' knowledge base. Hence, he defined PCK as "that special amalgam of content and pedagogy that is uniquely the province of teachers, their own special form of professional understanding",p. 8 [2] . The two main components that Shulman [1] distinguished in PCK were, on the one hand, the most useful forms of representing the topics in one's subject area and, on the other hand, an understanding of what makes the learning of these topics easy or difficult for students. Besides PCK, he considered other categories in teachers' knowledge base, that is, content knowledge (CK), general pedagogical knowledge (PK), curriculum knowledge, knowledge of learners and their characteristics, knowledge of educational contexts, and knowledge of educational ends, purposes, and values [2] . Since Shulman's introduction of PCK, the concept has been adopted by various researchers, resulting in both theoretical developments and empirical research. Several authors elaborated Shulman's initial framework of PCK. Grossman [3] , who studied PCK in the context of language, added two other components to Shulman's original PCK components, that is, knowledge of curriculum and knowledge of purposes for teaching. Another elaboration that has been very influential in the context of science education is the model of Magnusson et al. [4] . This model added three components to the original ones of Shulman, that is, orientation to teaching science (i.e., knowledge and beliefs about purposes and goals for teaching), knowledge of science curricula, and knowledge of assessment of scientific literacy. Within the context of mathematics, the model of Ball et al. [5] , focusing on the concept "content knowledge for teaching mathematics" (CKTM), has been very influential. This model includes both PCK and CK, with each of these two parts being divided into three components. Concerning PCK, the model includes (1) knowledge of content and students, which is similar to Shulman's knowledge of students' (mis)conceptions, (2) knowledge of content and teaching, which is similar to Shulman's knowledge of educational representations, and (3) knowledge of curriculum. Regarding CK, the CKTM model includes (1) common content knowledge, which is mathematical knowledge that is used in other 2 Education Research International than educational contexts, (2) specialized content knowledge, which is mathematical knowledge that is unique to teaching contexts, and (3) knowledge at the mathematical horizon, meaning being aware of how separate mathematical topics relate to each other.
Recently, test instruments to measure teacher cognition have been developed and used in several studies, leading to empirical confirmation of Shulman's claim that PCK makes a difference for instructional quality and student learning. For instance, Baumert et al. [6] found a significant positive effect of teachers' CK and PCK on instructional quality (assessed by means of student ratings, teacher self-reports, and analyses of tasks) and on student progress in mathematics education (measured through an achievement test). Results even showed that PCK had greater predictive power for student progress and instructional quality than CK. In another study, Kunter et al. [7] confirmed these results. Moreover, they showed that teachers' PCK had a positive effect on student motivation (measured through an enjoyment questionnaire). Hence, to improve the quality of education, investing in (prospective) teachers' PCK seems to be a good strategy.
In an attempt to describe how PCK develops, several scholars have distinguished sources that contribute to PCK development [3, [8] [9] [10] . The first source is teaching experience [3, 9, 10] . Empirical studies have shown that significant improvements in PCK are made in the early months of one's teaching career [11] . PCK courses, which aim at improving teachers' knowledge on how to teach a subject, are the second source for PCK development [3, 8] . The third PCK source is disciplinary knowledge, that is, CK [3, 9] . Possession of CK is necessary for the presence of PCK [9, 12] . CK positively influences teachers' decisions about the relative importance of particular subject matter and their selection and use of curriculum materials, that is, their PCK [3] . Brownlee et al. [13] showed that a course on CK had a positive influence on teachers' content knowledge for teaching mathematics, which is related to PCK. Fourthly, "apprenticeship of observation" [14] has been distinguished as another source for PCK development [3, 8] . Apprenticeship of observation refers to the influence of teachers' past experiences as a student on their current teaching models [3] . Unfortunately, these memories may also limit teachers to rely only on familiar curricular materials and approaches [3] . Haston and Leon-Guerrero [8] empirically showed that teachers consider their memories of past education as an important PCK source. Fifthly, teachers' cooperation with colleagues has been described as a possible source for PCK development [8, 9] . According to Kind [9] , provision of a supportive working environment that encourages collaboration may benefit teachers' PCK development. Haston and Leon-Guerrero [8] empirically showed the importance of cooperation with colleagues for PCK development. Finally, the sixth possible source for PCK development is the importance of reflection on educational practice [10] . Kenney et al. [15] showed that reflection on writing assignments improved teachers' PCK.
Although several scholars have mentioned PCK sources, there is still little empirical evidence on how education can contribute to PCK development. Until now, it is unclear whether the PCK sources described above have been considered in intervention research. Furthermore, it is unclear how intervention research on PCK is mainly conducted. The significance of the present study is twofold. First, it provides an overview of intervention research on PCK without being restricted to a particular disciplinary domain. Second, as it is not very clear what elements should be incorporated in interventions in order to make them effective for PCK development, the study seeks to find out these effective elements by comparing several intervention studies. In contrast to earlier studies on PCK sources, the present study makes a systematic analysis of studies that aim to develop PCK through educational interventions. Three research questions (RQs) are addressed:
(RQ 1) How are intervention studies on PCK development designed? (the disciplinary context, the participants, and the research methods).
(RQ 2) How are interventions that aim at PCK development designed? (the PCK sources that are addressed, the location, the main actors, and whether background characteristics are taken into account).
(RQ 3) What elements of interventions that aim at PCK development are effective?
Methods
A systematic review was conducted [16] using three databases (ERIC, Web of Science, and PsycInfo) because these databases include the most high-quality and relevant educational research. The databases were browsed, based on five combinations of search terms, namely, "pedagogical content knowledge AND experiment" ( = 95), "pedagogical content knowledge AND experimental" ( = 71), "pedagogical content knowledge AND intervention" ( = 166), "pedagogical content knowledge AND development" ( = 1402), and "pedagogical content knowledge AND course" ( = 624), leading to a total of 2358 search hits. These search terms were chosen because we noticed that many different synonyms of the word "intervention" are used in educational research. Therefore, we included search terms that are often used when interventions are described. The dataset was reduced based on three criteria that are implied by the RQs. Firstly, all selected articles had to be peer-reviewed and written in English and report at least one empirical study, resulting in an exclusion of, for example, purely conceptual manuscripts. Secondly, the articles had to study the effects of an educational intervention. To define an intervention, we build on the framework of Hattie, Biggs, and Purdie [17] . We claim that interventions are educational interference that (a) differ from the educational activities that the instructor(s) involved in the study would normally organize, (b) require an outsider (e.g., the researcher) to design the intervention and study its effects, and (c) focus on the increase of a certain variable. Hattie et al. [17] included the use of an experimental design as the fourth prerequisite. This prerequisite is not included because it would limit the search results too strongly as there were only three experimental studies in the dataset. Thirdly, all selected articles had to focus on PCK. For all abstracts (and if necessary the full texts), one rater checked whether they met the criteria. In case of doubt, the papers in question were discussed with two other raters until consensus was reached. After application of the three criteria, 85 articles remained in the comprehensive dataset. Articles from this dataset are marked with one asterisk in the reference list. The comprehensive dataset was used to answer RQ 1 (the design of the intervention studies). RQs 2 and 3 were based on a limited dataset of studies containing both pre-and posttests. This choice is made because studies of this kind allow for studying the effect of an intervention on PCK development instead of PCK at one particular moment. Therefore, the chances are higher that the effects that are found can be attributed to the intervention instead of extraneous factors. Since the aim of RQs 2 and 3 is to specifically focus on the effects of interventions, we decided to limit the dataset for these research questions to studies using both pre-and posttests. The 37 articles that are part of the limited dataset are marked with two asterisks in the reference list.
The analyses were similar for the three RQs. Firstly, in a within-case analysis, each article was analyzed separately [18] . The articles were summarized in a table, relating to (1) disciplinary domain, (2) participants (educational level, teaching experience, and number of participants), (3) research methods, (4) intervention (including PCK sources, location, and main actors), (5) background characteristics, and (6) main results. The first three categories pertain to RQ 1. The last three categories cover RQs 2 and 3. A table summarizing the articles in the limited dataset can be found in Appendix. Secondly, the within-case analyses were compared with each other in a cross-case analysis [18] .
When describing PCK sources addressed in the studies, we build on the literature on sources for PCK development. When designing interventions for PCK development, it is however impossible to address PCK sources in their original meaning because interventions usually cover a shorter, delineated period of time. Therefore, in the analyses of the present study, a translation of the sources is made. "Disciplinary knowledge" is understood as all activities and courses that focus on CK. The term "PCK courses" is used to describe activities and courses focusing on PCK. Interventions addressing teaching experience include teaching and trying out new insights in a real classroom. "Contact with cooperating teachers" is understood as any contact with other people, for instance, other participants and colleagues. Interventions including reflection ask participants to systematically question past events. "Observation," finally, is used to describe interventions in which attention is given to participants' prior experiences as students. Table 1 , an overview is provided of the contexts of the intervention studies (the educational levels and the disciplinary domains) of the comprehensive dataset. Most studies pertained to primary or secondary education. Almost three-fourths of the studies focused on natural sciences, one-fourth on mathematics, and a few on other domains. Table 2 describes the participants and whether quantitative, qualitative, or mixed methods were used. The studies in the dataset used both preservice ( = 35) and inservice ( = 50) teachers. Within the latter group, most studies used teachers with more than five years of experience or a combination of experienced and novice teachers. A distinction is made between studies using quantitative (test or survey instruments), qualitative (interviews, document review, and observations), or mixed methodology (combining quantitative and qualitative methods). The majority used qualitative research methods, mostly combining several instruments. Particularly, interviews were often used. Qualitative methods were mostly used on smaller datasets, while quantitative methods were applied to larger datasets. All studies measured the effects of the intervention immediately after the intervention; none of the studies used retention tests to measure the effects of the intervention in the long run.
Results

Design of the Studies. In
Design of the Interventions.
The following paragraphs focus on the limited dataset, including only studies using both pre-and posttests, because these designs allow for grasping the effects caused by the interventions instead of extraneous factors. Three aspects are described, that is, the PCK sources that are addressed, the location of the interventions, and the main actors in the interventions.
Sources.
The classification of PCK sources described above is used (teaching experience, PCK courses, disciplinary knowledge, observation, cooperation with colleagues, and reflection). An overview of the PCK sources in the interventions is provided in Table 3 . Observation, despite being described as a PCK source by Grossman [3] and Haston and Leon-Guerrero [8] , is not included in the table as no study addressed this source. Most studies covered a variety of PCK sources. PCK courses are the most common PCK source among the different interventions ( = 34). The contents of these courses vary across the studies, for instance, sorting tasks according to difficulty [19] , an online professional development program including PCK exercises [20] , or designing of a lesson plan [21] . Most interventions addressing PCK courses focused on Shulman's [1] two components: knowledge of students' (mis)conceptions and knowledge of educational representations. Particularly, teachers' knowledge of student understanding was very often addressed in interventions (e.g., [22, 23] ), for instance, in tasks in which student work had to be analyzed (e.g., [20, 24] ). The second most used PCK source across the dataset is contact with cooperating teachers ( = 23). Activities addressing this source vary from online interaction with other participants [25] , getting feedback from an experienced teacher [19] , to group discussions [26] [27] [28] [29] . Examples of the third most used source, teaching experience ( = 21), are a research project that teachers tried out in their classroom [30] or a video-based task in which lesson that was taught by the participant had to be analyzed [27] . Reflection is addressed in 17 studies. Participants reflected on learning activities (e.g., [21, [31] [32] [33] ) or on feedback from peers [24] . Reflection was mostly organized through written reports (e.g., [24, 31] ). Bentley [107] Education Research International 5 
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Education Research International Reflective group discussions [34] were part of a few interventions. The least addressed source is disciplinary knowledge (CK) ( = 15). An example can be found in Buchholtz and Kaiser [35] , who included a phase of content exploration in their professional development program. Table 4 contains the locations of the interventions and the main actors in the interventions. Concerning the locations, a distinction is made between on-site (inside a school), off-site (e.g., in a public meeting room, or at home behind a computer), or combined interventions. Most interventions were off-site ( = 18) or combined interventions ( = 16).
Location.
Main Actors.
Only the person(s) that played the most important role (the persons from whom the participant mainly learned) in the intervention is/are mentioned in Table 4 . We made a distinction between experts, more experienced teachers, less experienced teachers, or the participants themselves. A person is classified as an expert when he/she has broad knowledge about the contents of the intervention due to experience in research. More and equally experienced teachers can be colleagues of the participant or teachers from other schools. When only the participants played a role in the intervention, the study was classified in "participants themselves." Firstly, in most studies, participants mainly learned from an expert ( = 31). The experts were mostly authors of the study (e.g., [19, 29, 36] ). In a smaller amount of interventions, the experts were other individuals, who were trained in advance for course facilitation [20, 37, 38] . In Harr et al. [39] , a computer-based learning environment was used in which the computer was the expert. Secondly, six studies included learning from equally experienced teachers. In most of these studies, participants learned from whole-or smallgroup discussions with other (equally experienced) teachers [19, 25, 40] . Furthermore, this category includes studies consisting of a course with peer review [24] , a community of practice providing constant feedback and support [38] , and collaborative inquiry, in which the participants answered a question through reflection and action [33] . Thirdly, in four studies, a more experienced teacher played the main Capraro et al. [41] Burton [24] , Goodnough and Hung [33] , and Roth et al. [40] role: mentors gave feedback on participants' educational practice [41, 42] , tutors acted as professional coaches during group activities [29] , and participants met with experienced teachers to share teaching and evaluation strategies [43] . Finally, in two studies, the participants themselves played the main role, by completing a portfolio assignment on their own [44] and by using different textbooks [45] . When looking simultaneously at the main actors and the locations of the interventions, the most frequent combinations are those with an expert facilitator and an off-site location, and those with an expert facilitator and both an onsite and an off-site location.
Background Characteristics.
Only three studies in the dataset took participants' background characteristics into account when analyzing the effects of the intervention on PCK. Davis [45] studied the impact of using two different textbooks on teachers' PCK. He concluded that teachers' beliefs about mathematics and their perceptions about textbooks (based on previous work with textbooks) had an influence on how teachers understood the lessons in the textbooks and what they learned from reading and planning from the textbooks. Harr et al. [39] expected a positive effect of participants' prior knowledge on PCK and PK and their working memory on the PCK growth caused by the intervention. However, they did not find an influence of these background characteristics on PCK development.
Wahbeh and Abd-El-Khalick [23] found a mediating effect of several background variables on PCK (i.e., CK, PK, attention to students' prior knowledge, abilities to locate, adapt, and design content-related instructional resources, and nature and attributes of science understanding).
Effective Elements in the Interventions.
Comparing the results of the studies in the limited dataset, it can be concluded that the majority of the studies reported a positive effect on PCK development of the intervention. 13 out of 16 quantitative studies found a significant positive effect of their intervention on PCK development [20, 25, 27, 34, 36, 37, [39] [40] [41] [42] [46] [47] [48] . Tirosh [49] found an improvement in PCK but did not report the significance of the effect. Two quantitative studies were noneffective; their intervention did not lead to a significant effect on PCK [35, 50] . All qualitative studies in the dataset reported a growth in PCK at the end of the intervention. For instance, Arbaugh and Brown [19] reported better performances of their participants on a PCK-related task that was executed during a postinterview in comparison with a preinterview. De Jong and van Driel [21] found that their participants mentioned more student difficulties in the postinterviews than in the preinterviews. McNeill and Knight [51] only found a growth on one particular aspect of PCK, measured by means of a test on teachers' knowledge of students' conceptions that was analyzed qualitatively using a coding scheme (i.e., on student writing, whereas no effect was found on classroom discussion), while all other qualitative studies found an improvement of PCK in general. 11 out of 13 studies spoke in terms of an increase in PCK [19, 21, 23, 26, 29, 30, 33, 44, 45, [51] [52] [53] while three studies found a change in the nature of their participants' PCK [31, 32, 54] . Aydin et al. [31, 32] concluded that their participants moved from fragmented PCK to more integrated PCK, measured through content representations (CoRes) prepared by the participants, interviews, and reflection papers. The participants in Kinach's study [54] shifted their rather instrumental PCK into more relational PCK, which was measured by means of several documents (i.e., written journals, written homework assignments, and transcribed video-recordings of classroom discussions). All seven studies using mixed methods found an increase in PCK on their qualitative instruments. The results based on the quantitative methods differed. Two studies reported significant PCK improvement after the intervention [28, 46] . Three studies found an increase in PCK but did not report the significance of their results [22, 38, 55] . Two studies only found a significant increase on certain subscales [24, 43] . Burton [24] found a growth in four out of five subscales, of which one was significant. Jang [43] found an increase in PCK on all four subscales, of which two were significant. These differences on the quantitative instruments show that using mixed methods leads to richer results than just focusing on one kind of methodology. The results on the qualitative measurements of these studies are nuanced by the quantitative results.
Because most studies found a positive effect of their intervention on participants' PCK and only a small contrast in research designs between effective and noneffective studies exists, identifying effective characteristics of interventions is difficult. Nevertheless, we will summarize the results for the PCK sources, the locations, and the main actors of the interventions.
3.3.1. Sources. The PCK sources mainly addressed in effective studies are reflection, PCK courses, teaching experience, and contact with cooperating teachers. Firstly, particularly reflection stands out as an effective PCK source. In Michalsky's [37] intervention, the best performing condition was the one that most strongly induced reflection. Similarly, reflection was part of 16 other effective interventions. It did not play a role in the noneffective interventions. Secondly, PCK courses were part of most effective interventions and of the noneffective interventions [35, 50] . Several studies concluded that including PCK courses in interventions and explicitly introducing the concept PCK to the participants were beneficial for PCK development [31-33, 43, 53] . Thirdly, contact with cooperating teachers was included in 22 effective studies. Aydin et al. [31, 32] included several aspects in their intervention (such as design of content representations, microteaching, and educative mentoring) but concluded that the mentoring part was the most effective way to promote PCK. Fourthly, teaching experience was part of 20 effective studies and of the noneffective study of Santagata et al. [50] . In Strawhecker [48] , the most effective conditions where those including a field experience. Similarly, De Jong and van Driel [21] and De Jong et al. [52] used an intervention that focused on "learning from teaching" instead of "learning of teaching," meaning that participants learned in a way that involved real situations from practice that made learning more meaningful. Teaching practice seems to play an important role in the development of prospective teachers' practical knowledge base. These authors argued that preservice teachers get the opportunity in teacher education to link authentic teaching experiences to educational literature on student conceptions. Finally, disciplinary knowledge was not very often addressed in effective studies ( = 13) and it was part of the two noneffective studies [35, 50] . Studies that did address disciplinary knowledge, or CK, mostly combined it with courses or assignments on PCK (i.e., both effective and noneffective studies). For instance, the interventions of Dash et al. [20] included information related to CK and exercises related to student understanding. In Roth et al. [40] , the experimental group that followed a course on CK and a program on learning to analyze educational practice through a PCK framework outperformed the control group that only took part in the content-related course.
Location.
Almost all effective interventions took place off-site or combined off-site with on-site parts. However, noneffective interventions also mostly took place off-site or both off-and on-site.
Main Actors.
Most effective interventions as well as most noneffective interventions were facilitated by an expert. In six effective studies, equally experienced teachers played a role. More experienced teachers were less prominent in effective interventions.
Discussion and Conclusions
This study reviewed intervention studies aiming to promote PCK development. Searching three databases (ERIC, Web of Science, and PsycInfo), a comprehensive dataset of 85 articles was used to address RQ 1: How are intervention studies on PCK development designed? A limited dataset (37 articles) was used to answer RQs 2 and 3: How are interventions that aim at PCK development designed? What elements of interventions that aim at PCK development are effective? The limited dataset only included studies with a pretest-posttest design, given the aim to examine effects of interventions.
RQ 1 aimed at giving a general overview of research on PCK interventions. Most intervention studies took place in primary and secondary natural sciences or math education, focusing on pre-and in-service teachers. The research methodology is diverse, as are sample sizes. Systematic design principles are hardly applied in designing interventions. The predominant emphasis on natural sciences and math in intervention research on PCK could be caused by the high status that society awards to these domains in comparison with other scientific domains, such as social sciences, as illustrated by the inclusion of natural sciences and math in national assessments [56] . Furthermore, there is a larger amount of general educational research on exact sciences [10] .
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A possible cause for this phenomenon might be that these domains follow a strong linear sequentiality, which makes them more delineated and thus easier to measure and to study [56] .
RQ 2 compared the designs of the interventions. The most addressed PCK sources are PCK courses, contact with cooperating teachers, teaching experience, and reflection. The least addressed sources are disciplinary knowledge and observation. Most interventions took place off-site or combined off-site with on-site parts and were facilitated by an expert. Only three studies considered participants' background characteristics.
Regarding RQ 3, it was difficult to isolate effective characteristics of interventions because the dataset only included two studies that did not find a positive development. Furthermore, reported designs of effective and noneffective interventions were very similar. Nevertheless, a number of general tendencies stand out. Firstly, several PCK sources were part of effective interventions. A large number of studies showed the effectiveness of reflection for PCK development. This is interesting as in the literature on PCK sources, only van Driel and Verloop [10] identified reflection as a possible source for PCK. As Monet and Etkina [46] indicated, not all kinds of reflection are beneficial for knowledge development. Writing a lot not necessarily mirrors ample learning. Only reflection that induces higher order thinking seems beneficial. This makes teachers understand their own learning process, allowing them to apply adequate techniques in their teaching practices [46] . The importance of reflection for PCK development is also mentioned by van Driel and Berry [57] . These authors claim that, in order to promote PCK development, teacher education should be closely aligned to teaching practice and hence should include the possibility for preservice teachers to try out what they have learned and to reflect on their experiences both individually and collectively. Reflection is also considered important for teacher education in general by many scholars. For instance, McIntyre [58] claimed that reflection is important in teacher education for two main reasons: (1) it promotes preservice teachers' understanding of their own problems and needs and guides their search for solutions for these problems, and (2) it helps to develop reflection skills and habits that will be extremely useful once preservice teachers become more experienced in teaching. Furthermore, the importance of reflection has been shown empirically (e.g., [13, 59] ). Brownlee et al. [13] , for instance, found that students taking part in a teacher education program focusing on reflection showed more growth in sophisticated epistemological beliefs than a control group taking part in a more traditional, subject-oriented program.
PCK courses were also part of several effective interventions. Most of these interventions included courses or assignments on both student understanding and representations of subject matter. Roth et al. [40] stressed the importance of these two aspects of PCK, thereby avoiding to superficially address everything a teacher should know. Not only have PCK courses been shown to be effective in interventions but also explicitly introduced the concept PCK to the participants. This illustrates that the possibility to understand PCK as knowledge to be learned makes preservice teachers more aware of the learning process they are going through, which helps them in developing as teachers [9] . Teaching experience was part of several effective interventions. Experiences in teaching practice and contact with cooperating teachers also seem to be beneficial for PCK development.
By contrast, disciplinary knowledge was addressed less frequently in effective interventions, while it was part of both noneffective interventions. In effective interventions, it was mostly combined with PCK courses, exercises, or assignments. Hence, CK seems necessary, despite being not sufficient for PCK [12] . This does not necessarily mean that disciplinary knowledge cannot be considered as an effective PCK source. The same applies for the source "observation." Even though none of the interventions in the dataset addressed this source, observation cannot be concluded to be an ineffective PCK source.
Secondly, most effective studies took place off-site or combined off-site with on-site parts, all guided by an expert. The importance of course facilitation by experts has been shown in several studies. Chae et al. [60] found that expert tutors elicited higher learning gains on algebra problems from students than novice tutors. In Couto et al. [61] , medical students considered expert course facilitators as more effective than nonexpert facilitators regarding building knowledge, guiding the learning process, achieving cognitive learning, generating learning goals, and motivating selfstudy. Furthermore, Hattie et al. [17] and Dignath et al. [62] drew similar conclusions in their meta-analyses of intervention studies on general learning skills and self-regulation. Effect sizes of intervention studies were significantly higher if the intervention was organized by researchers than if it was organized by regular teachers [62] . They claimed that researchers are more concerned with the importance of selfregulated learning. For the present study, this would mean that researchers are more aware than (either more or equally experienced) teachers about the importance of PCK and therefore better succeed in promoting it. However, not all studies in the dataset allowed for drawing this conclusion.
Thirdly, two quantitative studies in the dataset did not find positive results of their intervention, which provides a warning for future intervention research [35, 50] . Particularly, problems in the design of the studies are pushed forward by the authors. Buchholtz and Kaiser [35] gave two possible explanations for the lack of differences in PCK between their intervention conditions and their control conditions (one consisting of preservice teachers not taking part in an intervention and one consisting of students in a nonteaching higher education program). First, the authors indicated some problems with their PCK instrument. It correlated highly with their CK test and the sample of nonteaching students (who also studied mathematics and hence had high CK scores) reached the highest results on the PCK pretest, which is problematic since PCK is considered as a kind of knowledge that is specific to the teaching profession [1, 2] . This illustrates the need for conceptual clarity and valid operationalization of concepts. Second, the groups that were compared were not randomly selected. Each condition represented one higher education institution. The entry requirements of the There are only small improvements in the acquisition of PCK and only minor attainment differences with control group. The participants showed improvement in all 5 PCK domains. The mean score of each PCK category was enhanced, but only the gains in the categories "subject matter knowledge" and "instructional representations and strategies" were significant.
Justi and van Driel 14 Education Research International There is large increase in participants' PCK due to the intervention.
Khourey-Bowers There is significant difference in PCK of all teachers over time but no differences between the induction programs. and (e) understanding of students.
Rodrigues et al. [38] Science + ICT The program did not significantly impact teacher knowledge or practices as measured in the study. students differed, in disadvantage of the students taking part in the interventions. This problem did not occur in the experimental studies [20, 39, 50] . However, the experimental study of Santagata et al. [50] also did not find positive effects of the intervention on PCK. These authors described several possible reasons. They drew attention to their sample population, which came from a minority environment and had considerably less knowledge than the national average.
As there was a lack of support from the school administrators, the participating teachers might not have tried their best when completing the measurement, which may have rendered doubtful results. It seems indicated to be careful in sampling and to look for a representative if one wants to draw conclusions that are generalizable to a large population. As a solution, the authors suggested to assess teachers' knowledge before finalizing the design of the intervention and adapt the intervention to the participants' knowledge level. Furthermore, the authors stressed the importance of sharing the professional development goals with the participants prior to the intervention. This conclusion corresponds to the finding in several effective studies that making the concept PCK explicit to the participants in the beginning of the intervention is beneficial for the effectivity of the intervention. However, these conclusions should be interpreted cautiously because of several reasons. Firstly, the original meanings of the PCK sources were adapted to the context of the present study. Therefore, the conclusions that are drawn are only related to the adapted meanings of the sources. The authors of the intervention studies did not mention the sources themselves. Secondly, of the 37 studies in the dataset, 35 showed a (partially) positive development in PCK after the intervention. This might mean that most authors who designed interventions did this in a very effective way. However, this result might also be caused by publication bias. "A publication bias exists if the probability that a study reaches the literature and is thus available for combined analysis depends on the results of the study", p. 6 [63] . Studies that did not find a positive effect of an intervention might not have been published. Thirdly, the conclusions of the present study are based on a small dataset. Furthermore, of the 37 articles that are included in the dataset, only three followed an experimental design [20, 39, 50] , and four followed a quasiexperimental design [35, 37, 40, 48] . (Quasi)experimental designs limit the chance of effects to be attributed to extraneous factors. As the majority of the studies in the dataset do not meet the conditions of (quasi)experimental design, it is not sure whether the results that are found in these studies are caused by the interventions or by other variables. Fourthly, researchers mostly stayed rather implicit about their interventions. In most cases, it is not very clear what the interventions exactly comprised. It may be possible that certain sources are addressed in the interventions without being reported. For instance, Monet and Etkina [46] explained that their intervention included teacher-centered and student-centered activities, but they did not further elaborate on these activities.
It would be interesting for further intervention research on PCK to incorporate the following guidelines. Firstly, this review has particularly shown the importance of reflection for PCK development. Further intervention studies are encouraged to include reflection in their interventions. Furthermore, the present study has shown that interventions including courses or exercises on student understanding and educational representations, contact with other teachers, and experiences in educational practice are effective PCK sources. Further interventions could incorporate these elements. Secondly, making PCK explicit to participants in interventions might help them in developing as teachers. Thirdly, course facilitation by experts in the field has been shown to be effective for PCK development. Fourthly, interventions would benefit from a clear conceptualization of PCK. The way in which PCK is operationalized by the different research instruments in the dataset reveals that PCK is understood in different ways. A clear conceptualization, on which PCK instruments are based, might be a sound basis for the systematic design of an intervention. Fifthly, the use of intervention studies that apply experimental designs, compare at least two groups, and use pre-and posttesting [17] to increase the chance that effects are caused by the intervention is advocated. Sixthly, systematic instructional design principles might guide the design of the intervention to be able to exactly find out what parts of the interventions are effective. In any case, additional information is needed on how interventions are designed and what parts they comprise. Seventhly, systematically studying the impact of the different PCK sources would be interesting. Eighthly, since the majority of intervention research on PCK is conducted within the context of the exact sciences, we think it would be interesting for further research to broaden its scope to other disciplinary domains, such as languages or social sciences. Ninthly, we recommend using mixed methodology while studying the effects of educational interventions as this methodology leads to richer, more nuanced results than the use of only quantitative or qualitative methods. Finally, the studies in the dataset did not study the effects of their interventions in the long run. Therefore, it is not sure whether the effects that were found are permanent. Further research is recommended to include retention tests.
